Abstract Understanding risk and protective factors that impact cardiovascular health is of utmost importance. There is ample evidence that cardiovascular health begins in childhood, tracks over time, and is subject to adverse social influences. This paper reviews key studies examining the relations of psychosocial factors in childhood to cardiovascular health in adulthood. The existing literature provides evidence for both individual and cumulative effects of childhood psychosocial factors on adult cardiovascular health across the population, although the specific mechanisms underlying these relationships are not yet fully understood. This paper also includes a discussion of evidence-based strategies for prevention and treatment of childhood psychosocial problems. The extent to which these programs lead to improved cardiovascular health in high-risk groups or across the population by impacting psychosocial factors has not yet been studied, but is a clear future direction for research and policy.
Introduction
The American Heart Association (AHA) impact goals for 2020 emphasize not only the reduction of cardiovascular events, but also the promotion of cardiovascular health across the entire population [1] . Ideal cardiovascular health is defined by the presence of four ideal health behaviors (nonsmoking, body mass index <25 kg/m 2 , physical activity at goal levels, and pursuit of a diet consistent with current guideline recommendations) and three ideal health factors (untreated total cholesterol <200 mg/dL, untreated blood pressure <120/<80 m m H g, and fasting blood glucose <100 mg/dL). While studies support the inverse relationship between ideal cardiovascular health and cardiovascular morbidity and mortality, the prevalence of ideal cardiovascular health in the US population is extremely low [2, 3] .
The purpose of the current paper is to review what is currently known about the relations of psychosocial factors in childhood to cardiovascular health in adulthood. There is ample evidence that cardiovascular health begins in childhood, tracks over time, and is subject to adverse social influences [1, 4••] . This is not meant to be an exhaustive review of the literature, but instead an opportunity to highlight key population studies in which psychosocial factors were measured prospectively during childhood and cardiovascular health was measured in adulthood utilizing a comprehensive outcome variable (i.e., ideal cardiovascular health, clustered metabolic risk) (Table 1 ). This paper also includes a discussion of evidence-based strategies for prevention and treatment of childhood psychosocial problems, as these strategies could potentially improve cardiovascular outcomes through their effects on psychosocial health.
What Are Psychosocial Factors?
While psychosocial factors are commonly discussed in medical literature and practice, there is no one clear definition of the term psychosocial and all that it encompasses. Instead, it has become an umbrella term for the multitude of factors that are not biologically measurable and through which diverse research inquiries are carried out [5] . The Oxford English Dictionary defines psychosocial as Bof or relating to the interrelation of social factors and individual thought and behavior [ 6] . This broad definition suggests that any construct involving how people think, feel and act within the context of their social environment can be considered psychosocial. Because children are raised in an environment impacted by the economic resources, health behaviors, and social-emotional functioning of parents and family, many studies examining child health outcomes also group these constructs under the term psychosocial.
To be consistent with the use of this term across the studies reviewed in this paper, psychosocial will be defined broadly to include parental and family socioeconomic, health, and emotional factors that could impact child health and well-being.
Review of Key Studies Cardiovascular Risk in Young Finns Study
The Cardiovascular Risk in Young Finns study is a prospective, longitudinal study assessing risk factors and precursors for cardiovascular disease (CVD) [7] . The baseline survey was conducted in 1980 with 3596 children and adolescents (ages 3-18) across Finland. Six childhood psychosocial factors proposed to be important aspects of childhood psychosocial environment based on prior literature, namely socioeconomic environment, family emotional environment, parental health behaviors, stressful events, self-regulation of the child, and social adjustment of the child, have been identified from parent-report items included in the baseline survey. The adulthood assessment, which includes measurement of ideal cardiovascular health, was conducted in 2007 when participants were 30-45 years of age (N = 1089 after excluding those with type 1 diabetes at baseline or missing data) [8•] .
Recent analyses conducted with this cohort support relationships between individual and cumulative psychosocial factors in childhood and ideal cardiovascular health in adulthood [8•] . Favorable socioeconomic environment, family emotional environment, health behavior in the family and Children with the most psychosocial advantages had an ideal cardiovascular health index in adulthood that was almost one point higher than those with the least psychosocial advantages, which is comparable to attaining a favorable level on any one of the seven components that comprise the ideal cardiovascular health index. Of note, for several of the psychosocial indices (including self-regulatory behavior), the vast majority of the cohort achieved the highest possible score, indicating that those at highest risk for poor cardiovascular health likely represented the extreme adverse end of the population distribution and may have many proximate problems to worry about other than CVD 30-50 years in the future. Individual and cumulative effects of childhood psychosocial factors (socioeconomic status and parental smoking) on ideal cardiovascular health have been further demonstrated by analyses with the Young Finns data in conjunction with data from population-based studies in Australia (Childhood Determinants of Adult Health Study; CDAH) and the USA (Princeton Follow-up Study) [9•] . After accounting for age, sex, race and known childhood cardiovascular risk factors, socioeconomic status continued to predict ideal cardiovascular health in adulthood in all three cohorts, whereas parental smoking predicted ideal cardiovascular health in the Young Finns cohort only. The associations between childhood socioeconomic status and adult ideal cardiovascular health generally persisted when adjusting for participants' own socioeconomic status in adulthood. Participants in the Young Finns and CDAH cohorts who had both childhood risk factors (low socioeconomic status and exposure to parental smoking) had 0.4-0.6 adult ideal metrics less than those participants without these risk factors, which the authors estimated could equate to 15-25 % higher incidence of CVD.
Collaborative Perinatal Project
The Collaborative Perinatal Project enrolled pregnant women in the USA between 1959 and 1966, followed by frequent assessment of women and their offspring from birth to age seven [10] . Three childhood psychosocial factors, namely attention regulation capacity, cognitive ability, and positive home environment, have been identified through a combination of observational ratings, standardized testing results, and parent-report items. A subsample of the now adult offspring from the New England sites have undergone assessment through two follow-up studies (Brown-Harvard Transdisciplinary Tobacco Use Research Center, EdHealth study), which included measurement of favorable cardiovascular risk, defined as meeting the following criteria in midlife: systolic blood pressure ≤120 mm Hg, diastolic blood pressure ≤80 mm Hg, not taking antihypertensive medication, total cholesterol <200 mg/dL, not taking cholesterol-lowering medication, body mass index <25 kg/m 2 , not having diabetes mellitus, and nonsmoker [11•] .
Recent analysis of 415 adults (mean age of 42.2 years) with the relevant baseline and follow-up data supports relationships between individual and cumulative psychosocial factors in childhood and favorable cardiovascular health in adulthood [11•] . Adjusting for age, race, and childhood factors (which included childhood cardiovascular health as well as family socioeconomic status), higher levels of childhood attention regulation capacity, cognitive ability, and positive home environment were associated with a greater likelihood of favorable cardiovascular risk in adulthood. The association with childhood attention regulation was maintained when also accounting for adulthood factors (education attainment, depressive symptoms, physical activity, and diet), whereas these adulthood factors appeared to be on the pathway from childhood cognitive ability and positive home environment to adult cardiovascular risk. The effects of childhood psychosocial factors were cumulative as those with high levels of each childhood factor had approximately four times higher odds of favorable cardiovascular risk in adulthood as compared to those low in all factors.
Dunedin Multidisciplinary Health and Development Study
The Dunedin Multidisciplinary Health and Development Study is a longitudinal investigation of health and behavior among individuals born between April 1972 and March 1973 in Dunedin, New Zealand [12] . Exposure to adverse childhood experiences, namely childhood low socioeconomic status, maltreatment, and social isolation, were assessed at various time points during the first 15 years of life through a combination of observational ratings and parent-and teacher-report items. The 32-year follow-up assessment was completed by 972 participants and included measurement of clustered metabolic risk, defined as three or more of the following: overweight, high blood pressure, high total cholesterol, low high-density lipoprotein cholesterol, high glycated hemoglobin, and low maximum oxygen consumption levels adjusted for body weight [13] .
Analyses conducted with this cohort support relationships between individual and cumulative psychosocial factors in childhood and clustering of metabolic risk markers at age 32 years [13] . After controlling for family history of heart disease and high childhood body mass index, children growing up in socioeconomically disadvantaged families and those who scored very high in social isolation were both at greater risk for metabolic risk marker clustering in adulthood. The risk of developing metabolic risk marker clustering increased from those with no history of any of the three adverse childhood experiences to those with a history of two or more adverse childhood experiences in a dose-response fashion.
Summary of Observational and Longitudinal Data
The existing literature provides evidence for a cumulative effect of childhood psychosocial factors on adult cardiovascular health. This effect appears to operate across the entire population, indicating that the promotion of childhood psychosocial health is likely to be beneficial for those at lower risk for CVD in addition to those at highest risk. Three psychosocial constructs in particular have demonstrated robust associations with adult cardiovascular health across multiple prospective studies: family socioeconomic status, family emotional environment, and childhood self-regulation (encompassing attention regulation, frustration tolerance, and aggression control). Several additional constructs, including parental smoking and child social isolation, predicted adult cardiovascular health in a single prospective study and require further investigation.
Strengths and Limitations of Existing Literature
The reviewed studies have several strengths, including the use of large, population-based samples across multiple continents, prospective assessment of childhood psychosocial factors, and evaluation of both individual and cumulative effects on adult cardiovascular health. However, they are also subject to methodological limitations common among longitudinal, population-based cohort studies. Measurement of psychosocial constructs was limited to items chosen for inclusion decades ago, which in most cases did not reflect the validated tools now widely available. Because population-based studies must balance breadth versus depth and psychosocial factors were not the primary focus of study, few items assessed each construct (sometimes as few as one), often relying on parent self-report or report of the child. Relatedly, measurement of the same or similar constructs varied widely across studies. Follow-up assessments were additionally subject to attrition and differential participation related to the aims of the followup study, which may impact generalizability of results.
Impact of Population Trends on Psychosocial Stress
The prevalence of psychosocial stress is tightly linked to larger trends in the general population, particularly with regard to education, poverty, and disparities. Changes to the prevalence of various psychosocial factors included in the reviewed studies, which were initiated decades ago, may reduce generalizability of results to the current era. As previously mentioned, the vast majority of the Young Finns cohort achieved the highest possible score for several of the psychosocial indices, indicating that those at highest risk for poor cardiovascular health represented the extreme adverse end of the population distribution across Finland in 1980 [8•] . This pattern would likely not generalize to the current US population, which has experienced a concerning trend towards increased poverty and disparities [14] . Median income is falling among the lower deciles of income while rising among the top decile [14] . Those living in poverty or in lower classes are much less likely to receive an education comparable with the upper class [15] . Over 40 % of US children are born to unmarried women and low birth weight rates have increased for years, plateauing at about 8 % [16] .
These factors, combined with the ongoing obesity epidemic (itself related to some of the factors listed above), may contribute to lack of improvement in CVD and all cause mortality in young to middle-aged adults. Recent adverse trends in young and middle-aged adult cardiovascular morbidity and mortality, particularly in women, have been observed with those less than 55 years of age not sharing in the significant reductions in cardiovascular events observed in older individuals [17] . Higher all cause mortality rates have also been observed in white US males between 45 and 54 years of age [18] . US adolescents have the highest mortality rates in the world mostly due to violence, suicide, and traffic accidents [19] .
Future Directions
Contemporary prospective cohort studies are needed. These studies should be specifically designed to investigate the cardiovascular impact of childhood psychosocial stressors prevalent in the current era using gold standard validated measures. Such studies should also aim to elucidate the psychological, behavioral, and biological mechanisms by which psychosocial factors individually and cumulatively impact cardiovascular health, which to date has been mostly studied through cross-sectional research with adults [4••] . One theory of particular relevance to early development (and to the increased prevalence of low birth weight in the US population) is the fetal origins hypothesis, which asserts that the fetus adapts to an abnormal environment such as malnutrition by altering cell programming at a critical period in development [20] . This theory has been supported by studies demonstrating relationships between low birth weight in term infants and increased risk of later atherosclerosis, type 2 diabetes mellitus, systemic hypertension, and metabolic syndrome [4••, 21-24] .
Supporting Psychosocial Health: Family-Focused Preventive Programs
Despite the need for additional longitudinal research in this area, it is not necessary or appropriate to wait 30 years to promote cardiovascular health by intervening on psychosocial risk factors. To date, cardiovascular health promotion and prevention efforts have focused predominantly on modifying health behaviors, such as smoking, physical activity, and diet [1] . Targeting psychosocial factors in childhood with the specific goal of improving adult cardiovascular health has not been a primary area of clinical or research focus. However, there is a growing recognition of its importance, as evidenced by a recent AHA scientific statement asserting that Bthe most significant opportunities for reducing death and disability from CVD in the United States lie with addressing the social determinants of cardiovascular outcomes^ [4••] .
Many evidence-based programs exist, ranging from population-wide preventive interventions (universal prevention) to preventive interventions for individuals at risk for developing psychosocial problems (selective prevention) to interventions for those already exhibiting problems (treatment). These programs also differ in the setting, mode of delivery, duration/intensity, and targeted developmental stage. Three program models will be reviewed as examples: NurseFamily Partnership (NFP), Family Check-Up (FCU) and Incredible Years® (IY). Comprehensive information on a wide range of child-and family-focused prevention and treatment programs are described elsewhere [25] [26] [27] .
Home Visiting Programs: Nurse-Family Partnership and Family Check-Up
Several home visiting programs have met the US Department of Health and Human Services criteria for evidence of effectiveness [27] . These programs are delivered in-home to pregnant women and/or parents to promote skills needed to raise children who are physically, socially, and emotionally healthy, support parental health and economic self-sufficiency, and connect families with available resources. Many target only those families at highest risk, whereas others are available to all families with higher intensity services reserved for those with specific risk factors.
Nurse-Family Partnership
NFP serves low income, first-time mothers from pregnancy until the child turns two through weekly or every other week home visits by a registered nurse trained in the NFP model. Program goals include improving prenatal health and outcomes, child health and development, and family economic self-sufficiency and maternal life course development. Longterm follow up of three randomized controlled trials conducted in New York in the 1970s and in Tennessee and Colorado in the 1990s indicate positive effects on a variety of child and family outcomes, including prenatal health, family socioeconomic status (e.g., increased maternal employment, reduced use of welfare and food stamps), family environment (e.g., increased paternal involvement, reduced maternal arrests and convictions), and child behavior and substance use [28] [29] [30] . NFP has been adopted by the majority of US states and has demonstrated a substantial return on investment [29] . The impact of NFP on the cardiovascular health of children (now young adults) who received the intervention has not been examined to our knowledge, although a recent report suggests that NFP may reduce the likelihood of maternal death from all causes, including diabetes, endocarditis, pulmonary embolism, and stroke [31] . Certainly, this seems like an area of opportunity for research examining the impact of a widely available maternal and child public health program on adult cardiovascular health. The focus on prenatal health and outcomes may be particularly relevant, given research linking intrauterine growth retardation and low birth weight to adult CVD [21] [22] [23] .
Family Check-Up FCU serves families of children two to 17 years of age who have specific risk factors such as socioeconomic disadvantage, maternal depression, or child academic failure. Program goals include reducing children's emotional, behavioral, and academic problems and improving maternal depression, parental involvement, and positive parenting. The Bcheck-up^refers to a series of three home visits, often repeated on a yearly basis, consisting of an initial interview, comprehensive assessment of parenting and child behaviors, and feedback including discussion of family strengths and possible areas of change using a motivational interviewing approach [32] . Interventions following the Bcheck-up^are tailored to the family's particular strengths and needs and may include more intensive parenting support designed to enhance parents' skills in positive behavior support, healthy limit-setting, and relationship-building. Follow-up studies of children and adolescents whose families participated in FCU report increased school readiness, improved emotional and behavioral functioning, and reduced substance use [33] [34] [35] . There is also preliminary evidence that FCU may have an indirect effect on later weight gain and obesity [36, 37] . No studies to our knowledge have examined the impact of FCU on other components of ideal cardiovascular health.
Group Intervention Programs: Incredible Years®
IY is a set of interlocking group-based programs serving children, parents, and teachers [38] . Program goals include preventing and treating behavior problems and promoting social, emotional, and academic competence for children birth to age 12. Program curriculum and duration varies depending on child age and level of need and includes brief Buniversalp rograms as well as more intensive programs for children with diagnosed developmental or mental health problems and their parents and teachers. Follow up studies of IY report improvements in positive parenting, child behavior, and school readiness, among other positive outcomes [38, 39] . There is also preliminary evidence that IY parent and child groups may result in positive child health outcomes approximately 5 years later, including lower body mass index and blood pressure, more physical activity, less Bscreen time,^and smaller percent of calories from carbohydrates [40] , despite these not being the focus of intervention. The mechanism by which these programs may impact child health outcomes and the extent to which positive outcomes persist to adolescence and adulthood have not yet been studied, but are certainly areas of future direction.
Moderators of Outcome
Unfortunately, existing preventive interventions do not work for every family. Meta-analyses of various parent-training interventions aimed at modifying parenting and child problem behavior have identified specific psychosocial risk factors, including parental depression, low income, and single parent status, associated with poorer outcomes [41, 42] . However, more promising results have been found for programs that specifically target common barriers to intervention engagement and retention among socioeconomically disadvantaged families (i.e., delivering interventions in the home; incorporating goals and support related to family economic selfsufficiency; incorporating financial or material incentives) [43, 44] . In a trial of 731 low-income toddlers randomly allocated to the in-home FCU intervention versus no intervention, effects on child problem behavior were not moderated by parental depression, parental marital or drug problems, or having a mother who had given birth as a teenager, suggesting that children with these disadvantages were just as likely to do well following intervention [43] . The only identified psychosocial risk factor associated with poorer intervention response was single parent status, whereas lower maternal education was actually associated with greater improvement in child problem behavior. In a trial of 153 preschoolers from socially disadvantaged neighborhoods randomly allocated to IY intervention versus waitlist control, effects on child problem behavior were not moderated by very low income (compared to the average for these low income areas), single parent status, or having a mother who had given birth as a teenager, whereas children of more depressed mothers fared better following intervention, relative to children in the control group, who had much poorer behavioral outcomes when their mother was depressed [44] .
Although the IY intervention was delivered in the community, home visits were made to parents who missed sessions, and meals daycare and transport were provided.
Despite promising results for those who participate, it is a reality that not all families choose to enroll in available preventive interventions. Even in the case of a brief, three-session intervention delivered in the home for which families were given a financial incentive for participation, 17 % of at-risk families chose not to enroll [43] . Families who decline interventions despite psychosocial risk factors may unfortunately be those in greatest need of assistance, such as first-time parents lacking knowledge regarding the challenges of child rearing or those uncomfortable with the model of in-home visitation (possibly due to unsuitable or unstable living conditions) [45] . Clearly, continued efforts to access and engage families at risk of non-participation and attrition are needed, with the understanding that barriers to participation are not static and will likely shift over time along with population trends in education, poverty, and disparities.
Role of the Medical Provider
Medical providers serving pregnant women, children, and families are encouraged to familiarize themselves with available prevention/intervention programs that have proven success in improving psychosocial health and reducing sociodemographic risk factors. While it is typically not the role of the obstetrician, pediatrician, or family doctor to provide the psychosocial intervention, they are responsible for identifying risk factors that may lead to poor health outcomes and making referrals to the appropriate supports. Brief standardized screening tools assessing family psychosocial risk and child social-emotional functioning are available for use in medical settings and can help to identify those children and families in need of universal or selective preventive interventions or treatment [46, 47] . The integration of psychologists, social workers, and other mental health providers into pediatric and family medical practices can further enhance the process of psychosocial screening, consultation, and referral, with the ultimate goal of promoting both psychosocial and physical health [48] .
Conclusions
Psychosocial factors in childhood appear to impact adult cardiovascular health, although the specific mechanisms underlying this relationship are not yet fully understood. There are numerous existing evidenced-based programs known to promote child and family psychosocial health. The extent to which these programs lead to improved cardiovascular health in high-risk groups or across the population by impacting psychosocial factors has not yet been studied, but is a clear future direction for research and policy.
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